We analyzed 180 samples of Pleistocene to Tithonian sediments, using the pyrolysis technique. The results show a preponderance of detrital continental organic matter. Most samples contain altered organic matter and are in an immature stage of evolution. A detailed examination of the pyrolysis and depth data shows a correlation between lithology and depositional environment.
INTRODUCTION
Drilling at DSDP Sites 370, 415, and 416 in the Moroccan Basin ( Figure 1 ) provided a good opportunity to apply the rapid pyrolysis technique to a great number of samples from Pleistocene to Tithonian sediments comprising turbidite and hemipelagic facies. In this study the organic matter is characterized, and an attempt is made to determine the relationships among origin and preservation of the organic matter, composition, depositional environment, and sedimentation.
Analytical data are presented in Tables 1 and 2 . Pyrolysis equipment was first used on board the Glomar Challenger during Leg 48. The prototype was again employed during Leg 50, so that rapid tests for possible "oil shows" could be made -a requirement of the JOIDES Safety and Pollution Prevention Panel.
ANALYTICAL METHODS

Pyrolysis
The pyrolysis technique for determination of petroleum potential has recently been applied by many workers (Barker, 1974; Claypool and Reed, 1976) . The method and apparatus employed are fully described by Espitalié et al. (1977) , and only the essential features are noted here. The sample is crushed to pass through a 60-mesh sieve. A portion is then chemically decomposed in a stream of helium at a programmed rate of temperature increase of 25°C/min. Free hydrocarbons (i.e., hydrocarbons present in the rock) are volatilized at a temperature lower than 300 °C (peak Sj in Figure 2 ). The S 2 peak in Figure 2 records hydrocarbon compounds produced by the cracking of kerogen between 300°C and 575°C. The curve generally shows a shoulder (S 2 ', Figure 2) , the form of which depends upon the type of organic matter present and its level of maturation. The total content of hydrocarbons (i.e., S, plus S 2 ) represents the petroleum potential of the sample, whereas S 2 indicates the residual petroleum potential or the quantity of hydrocarbon that the rock could still produce should burial and maturation continue. These potentials are expressed in kilograms of hydrocarbons per metric ton of rock (kg HC/metric ton). The S 3 peak records the organic CO 2 trapped during pyrolysis up to 390°C and, at the end of the temperature increase, carried to a thermal-conductivity detector. The ratios S 2 /C org and S 5 /C org (expressed in milligrams of HC or CO 2 per gram of C org ) are known respectively as the "hydrocarbon index" and the "oxygen index" and are correlative with the H/C and O/C ratios used in the Van Krevelen diagram. On the basis of such a graph, we can define three main types of kerogens (Tissot et al., 1974) . Type I has a high potential for generating liquid hydrocarbons, whereas type III has a low potential for generating liquid hydrocarbons and is more likely to yield gaseous hydrocarbons. The production index, SJ/(SJ + S 2 ), given in per cent, and the temperature at the maximum of the S 2 peak, (T M ), are indicators of the thermal maturity of the organic matter (Barker, 1974; Espitalié et al., 1977) .
Organic-Carbon Determination
Crushed samples were treated with 10 per cent HC1 at 70°C for a time varying according to the estimated carbonate content of the sample. The resulting weight loss is attributed entirely to carbonate. The organic-carbon content (%) was determined on the residue with a LECO WR 12 carbon analyzer.
RESULTS AND INTERPRETATION
Preliminary Remarks
Some samples from Sites 370, 415, and 416 show a supplementary peak (or shoulder) between S } and S 2 (Figure 3) . Experiments on recent sediments show that this intermediate peak seems to be characteristic of immature organic matter. In the majority of cases it disappears after the sample has been treated with hydrochloric acid. This intermediate peak, however, probably is not caused solely by the presence of hydrolyzable carbon, expecially in the deeply buried sediments, such as Sample 416A-32-3, 11-15 [25] [26] [27] [28] [29] [30] [91] [92] [93] [12] [13] [14] [15] [16] [17] [64] [65] [66] [73] [74] [75] [76] [77] [94] [95] [68] [69] [70] [140] [141] [142] [143] [98] [99] [100] [101] [102] [90] [91] [92] [93] [94] [112] [113] [114] [117] [118] [119] [120] [72] [73] [74] [63] [64] [65] [66] [67] [110] [111] [112] [0] [1] [2] [3] [4] [25] [26] [27] [30] [31] [32] [33] [100] [101] [102] [103] [16] [17] [18] [19] [20] [80] [81] [82] [83] [84] [13] [14] [15] [133] [134] [135] [136] [55] [56] [57] [58] [83] [84] [85] [96] [97] [98] [79] [80] [81] [82] [83] [84] [0] [1] [2] [29] [30] [50] [51] [52] [53] [54] [82] [83] [84] [141] [142] [143] [0] [1] [2] [3] [3] [4] [5] [101] [102] [103] [20] [21] [22] [23] [58] [59] [64] [65] [35] [36] [37] [38] [39] [10] [11] [12] [32] [33] [34] [70] [71] [72] [128] [129] [130] [131] [79] [80] [81] [101] [102] [103] [104] [105] [106] [107] [123] [124] [125] [12] [13] [14] Figure 2 . Typical pyrogram. (Gallegos, 1975; Ishiwatari et al., 1977) or by hydrocarbons entrapped in the kerogen matrix (as in a molecular sieve), which diffuse out of the kerogen as it begins to swell (Yen, 1974; Schmidt-Collerus and Prien, 1974) . Whatever the source, I have considered this peak as a part of S 2 peak, and therefore as residual petroleum potential. 
Site 415
Vertical Distribution I recognize a threefold subdivision of organic-carbon content (C org <0.5%; C orB between 0.5% and 1%; C org >1%). We also recognize a fourfold subdivision oi petroleum potential (potential <0.2 kg HC/metric ton; potential between 0.2 and 1 kg HC/metric ton; potential between 1 and 2 kg HC/metric ton; potential >2 kg HC/metric ton), as well as a fourfold subdivision on the basis of hydrogen index (H.I. <50 mg HC/g C org ; H.I. between 50 and 150 mg/g; H.I. between 150 and 300 mg/g; H.I. >300 mg/g). Thus, samples from Site 415 fall into three groups (Figure 4) . Given the sparse coring at that site (Site 415 Report, this volume), the vertical extent of each group is uncertain, and there is a possibility that the groups defined are not representative of the entire section.
Group 1 includes the deepest part of the section: the Albian and a great part of the slumped Cenomanian sequence (1074 to 650 m). The samples are characterized by an organic-carbon content of about 0.5 per cent and a petroleum potential between 0.3 and 0.6 kg HC/ metric ton. The hydrogen index increases slightly from 50 mg/g in the Albian to 100 mg/g in the Cenomanian.
Group 2 extends from the top of the Cenomanian to the Eocene (650 to 300 m). It has an organic-carbon content between 0.5 and 1 per cent and a petroleum potential between 0.4 and 1 kg HC/metric ton. The hydrogen index continues to increase slowly upward, from 100 to about 160 mg/g. Group 3 ranges from lower Miocene to Pleistocene (300 to 0 m) and is characterized by an organic-carbon content between 0.1 and 1.6 per cent and a petroleum potential between 0.2 and 0.4 kg/metric ton. The hydrogen index decreases upward from 170 mg/g to 120 mg/g.
As is apparent from Figure 5 , the organic matter is located along or below evolution path III and is therefore interpreted as being mainly continental material (Tissot et al., 1974) . The very low values of the hydrogen index may be caused by the presence of reworked, altered organic matter. A small contribution of autochthonous marine organic matter could be masked by the presence of altered organic matter. This seems to be confirmed by the positive correlation between organic carbon and carbonate contents in these groups. The correlation suggests that at least some carbonate may be linked to the influx of organic carbon and therefore that a part of the organic carbon is marine.
The slight upward increase of the hydrogen index through the Mesozoic correlates with a decrease in the π j 100- influx of terrigenous material (Site 415 Report, this volume).
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Petroleum Potential and Maturation of Organic Matter
The majority of the samples contain more than 0.4 per cent organic carbon (Figure 4) , which is considered by many as a minimum value for potential source rock. The hydrocarbon yield from pyrolysis, however, is less than 3 kg HC/metric ton (0.3%). This is regarded as the minimum value necessary for a rock to have source potential. Indeed, the majority of these samples contain less than 0.08 per cent of pyrolyzable carbon (or effective carbon, in the terminology of Kendrick et al., 1978) . This is a consequence of the presence of both continental and reworked and altered organic matter.
All samples are virtually immature, as indicated by the temperature at the maximum of the S 2 peak and by the low values of their production indexes (Figure 4) . The wide range of revalues is caused by the presence of reworked organic matter.
Production indexes generally remain below 10 per cent. The occasional exceptions could be caused by minute accumulation, or by pollution by shipboard lubricants. For low carbon content, such values must be interpreted with care.
Sites 370 and 416
These sites are characterized by a predominance of terrigenous sediments (Site 416 Report, this volume). I have supplemented samples from the poorly cored upper section of Hole 416A with samples from Hole 370, drilled during Leg 41, only 2 km east of Site 416.
Vertical Distribution
I have recognized seven groups (Figure 6 ) according to the criteria described above (see Vertical Distribution, Site 415).
Group 1, from 1616 to 1420 meters, includes the Tithonian, Berriasian and part of the Valanginian. It corresponds to lithologic Unit VII and is characterized by a low organic-carbon content and a low petroleum potential (respectively, <0.3% and <0.2 kg HC/metric ton). The hydrogen index is also low, approximately 50 mg/g.
Group 2 organic carbon contents are variable. The petroleum potential is between 0.2 and 1.0 kg HC/metric ton and the hydrogen index values, between 50 and 150 mg/g, are slightly higher than in group 1. Group 3 (910 to 830 m) has an organic-carbon content between 1 and 2 per cent and a petroleum potential greater than 2 kg/metric ton. Hydrogen indexes are mainly between 150 and 300 mg/g. Some samples in group 2 (1250 to 1200 m) have the same characteristics as those in group 3.
Group 4 (830 to 750 m) corresponds principally to the Albian to Cenomanian. It contains less than 0.5 per cent organic carbon and has a petroleum potential between 0.2 and 1 kg/metric ton (Sample 416A-5, CC is an exception in this group). Hydrogen indexes are between 150 and 300 mg/g. Group 5 (750 to 620 m), lower to middle Eocene, shows the same characteristics as group 2.
Group 6 (620 to 500 m) corresponds to the lower to middle Eocene, too. It is characterized by organiccarbon values greater than 1 per cent and petroleum potentials higher than 2 kg/metric ton. The hydrogen indexes are high, more than 300 mg/g. Group 7, from 500 meters to the top of the hole, includes the upper Oligocene through Pleistocene; it has variable organic-carbon contents (0.1% to 1.1%) and petroleum potentials (0.1 to 2 kg/metric ton). Hydrogen indexes are usually between 3.5 and 4.5 mg/g.
Interpretation and Relationship with Sedimentologic and Paleontologic Characteristics
As shown by Figures 6 and 7 , hydrogen indexes are low in the majority of samples containing type III kerogen, which is probably continental in origin (Tissot et al., 1974) . Middle-Eocene, Albian to Cenomanian, and Aptian samples have higher hydrogen indexes, indi-eating a mixing of both marine and continental organic matter. At Site 415, the low values of hydrogen indexes can be explained by the presence of reworked, altered organic matter, which could mask a weak contribution of marine organic matter. This assumption is supported by visual observation made during reflectance analysis (Boutefeu et al., this volume) . Furthermore, analysis of samples from Sections 370-22-2 and 370-34-4 (Kendrick et al., 1978) shows results consistent with our analysis of samples belonging to the same group: 5 to 10 per cent reworked humic and inert organic matter (see also Deroo et al., this volume) .
This abundance of terrestrial organic matter is confirmed by visual examination of samples (Boutefeu et al., this volume; Galimov et al., this volume) ; this is hardly surprising in view of the prevalence of turbidites in the section (Price, this volume).
The majority of samples in group 1 are brown mudstone, whereas in group 2 they are mainly graygreen or brownish-gray mudstone. In both cases the mudstone represents the "D" and "E" intervals of the Bouma cycle (Site 416 Report, this volume). This difference in mudstone color may be related to difference in origin (Site 416 Report, this volume), which would explain the difference in the organic-carbon content.
Some fine-grained sandstones and siltstones are rich in macroscopic organic material (e.g., Samples [83] [84] [3] [4] [5] [58] [59] [64] [65] [32] [33] [34] Site 416 Report, this volume.) In these cases the samples with larger organic particles (from higher plants) have higher hydrogen indexes, which seems to indicate that the organic matter contained in fine clastic sediments is more altered than that in the coarse clastic sediments. Slight increases of the hydrogen indexes may be related to the more "proximal" character of certain turbidites, and therefore to a less-altered state of organic matter. This could also explain the high oxygen-index values of some samples. The oxygen indexes of samples with low carbon content, however, must be interpreted with caution. Turbidity currents are rapid phenomena and they cannot be the sole cause for the increase of hydrogen indexes.
The transition from group 5 to 6 approximately corresponds to a large change in the depositional environment and lithologic facies, which passes from hemipelagic mudstone and shale to turbidites. We have evidence that oceanic fertility was relatively high during that time (Site 416 Report, this volume). The high hydrogen-index values (between 330 and 530 mg/g) of group 6 suggest a marine origin for organic matter, which might be related to increased plankton productivity as a consequence of this higher fertility.
The transition from group 6 to 7 corresponds approximately to a transition between more "proximal" and more "distal" turbidites consisting of diatom-rich nannofossil marl and chalk with sandstone and mudstone. The presence of diatoms and radiolarians suggests a relatively fertile overlying water mass (Site 416 Report, this volume). The low hydrogen indexes probably result from recycled and altered organic matter introduced by turbidity currents.
Groups 3 through 6 are also characterized by a positive correlation between organic-carbon and carbonate contents.
Petroleum Potential and Maturation of Organic Matter
Here again the majority of samples have more than the "minimum amount" of organic carbon (0.4%, Figure 6 ). Some samples from the Miocene and especially from the lower to middle Eocene and Aptian-Albian-Cenomanian sequences, contain more than the 1 per cent organic carbon which is often taken as a minimum value in order for a shale to be a potential source rock. Once again, however, the pyrolysis data are less favorable. Except for those from the middle Eocene and the Aptian-Cenomanian (groups 6 and 3), all samples yield less than 3 kg of oil per metric ton of rock and thus cannot qualify as potential petroleum source rocks.
The temperature of the S 2 peak is always lower than the 435 ° to 440 °C range ( Figure 6 ) which is our definition of the beginning of the principal oil-formation zone. Some samples recovered from below 1400 meters, however, approach this value. Taken in conjunction with the increase of the production index, this suggests that the sediments below 1400 meters are near the very beginning of the mature zone. At Sites 416 and 370, however, the middle-Eocene and Aptian-Cenomanian potential source rock could not yet have produced hydrocarbons.
Assuming that the geothermal gradient is constant throughout the hole, and extrapolating the temperature recorded in the 400-meter logged section, we would expect a temperature of 50 °C at total depth.
CONCLUSIONS
The Late Jurassic to Recent organic matter of the Moroccan Basin is principally of continental origin. This is in accord with the main type of sediment. Furthermore, the presence of recycled, altered and (or) oxygenated organic material diminishes the overall kerogen quality. This altered organic matter could be primary organic matter altered prior to and during deposition, and also reworked organic matter redeposited with turbidites, as suggested by visual analysis and slowpyrolysis analysis (Boutefeu et al., this volume) . Redeposition would explain the low values of the hydrogen indexes and the poor petroleum potential. 
